wo 00/66969 PCT/USOO/12097 



What is claimed is: 
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1. An interferometry system comprising: 
an interferometer which during operation dirfects a 

measurement beam along a measurement path contacting a 
measurement object and combines each of at leajst two 
5 portions of the measurement beam with a corresponding 

reference beam to form at least two overlapi/ing pairs of 
exit beams, the interferometer comprising a beam-steering 
assembly having a beam-steering element arid a positioning 
system to orient the beam-steering elermsnt/ the beam- 
10 steering element positioned to direct /the measurement beam 
to_ the mea_surement ob j ect., the., measu/rement . beam, contacting 
the beam-steering element; / 

a control circuit which during operation causes the 
^ positioning system to reorient jthe beam-steering element in 

15 response to a change in.angul^ orientation of the 
measurement object; a;c^J\^ 

an angle measurement system which during operation 
calculates the change in /angular orientation of the 
fi measurement object based on at least one of interf erometric 

lE! 20 signals derived from t*ie overlapping pairs of exit beams and 
the reorientation ojm:he beam-steering element. 

2. The interferometry system of claim 1, wherein 
during operation^ the angle measurement system calculates the 

25 change in angotar orientation of the measurement object 
based on the /reorientation of the beam-steering element. 

3. 'The interferometry. system of claim 1, wherein 
during operation the angle measurement system calculates the 

30 change i^ angular orientation of the measurement object 
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based on the interf erometric signals derived from the 
overlapping pairs of exit beams. 

4. The interf erometry system of claim 1, wherein 
during operation the angle measurement system calculates the 
change in angular orientation of the measuremen^t object 
along two dimensions, 

5. The interf erometry system of clai'm 1, wherein 
during operation the angle measurement system further 

_calcula.te_s changes, in distance to^he^n^ object- - - 

based on at least one of the int^f e^rometric signals derived 
from the overlapping pedTr^^^of^^ 

6. The interf eroitt^try system of claim 1, wherein 
during operation the control/circuit generates a servo 
signal based on the inter^erometric signals derived from the 
overlapping pairs of exi;J: beams and causes the positioning 
system to reorient the/beam-steering element in response to 
the change in angular orientation of the measurement object 
based on the servo /signal . 

7. The interf erometry system of claim 6, wherein 

/ 

during operat^^on the control circuit causes the positioning 
system to reorient the beam-steering element along two 
dimensionsy4)ased on the servo signal. 

8. /The system of claim 1, wherein the control circuit 
comprises a detector having spatially resolved detector 
elements operative to measure the position and/or direction 
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cf at least a portion of the overlapping pairs of exil 
beams, and wherein during operation the control signaLl 
generates a servo signal based on the measured posi/tion 
and/or direction and causes the positioning syst^ to 
reorient the beam-steering element in response iLo the change 
in angular orientation of the measurement obj^t based on 
the servo signal. 

9. The system of claim 8, wherein tlie detector is 
operative to measure the difference in/position and/or 
direction between the exit beams of at least one of the 
overlapping pairs of exit beams 



10 . The system o 
operative to measjare ^he pos 
measurement beam 



xm 



wherein the detector is 
and/or direction of the 
onent y^f at least one of the 



overlapping pairs of exit/ beams relative to a reference 
position and/or directi>^. 

11. The system of claim 1, wherein during operation 
the interferometer^ directs the at least two portions of the 
measurement beam to contact the beam-steering element before 
combining eacj/^of them with the corresponding reference 
beam. 



12./ The system of claim 1, wherein during operation 
the con'trol circuit causes the measurement beam to contact 
the measurement object at substantially normal incidence 



e mee 
er/a 



over /a range of angular orientations of the measurement 
object. 
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13. An interf erometry system comprising: 

ail interle romeir er which durin g opera tion—c 

measurement beam along a measurement path contacting a 
5 measurement object, separates the measurement beam into m 
portions, and recombines at least a part of oney/of the 
portions with each of the remaining m-1 portiofis to form m-l 
overlapping pairs of exit beams, the interf eTometer 
comprising a beam-steering assembly having"^ beam-steering 
10 element and a positioning system to orie'nt the beam-steering 
-element, -the -beam--steering element positioned to direct -the - 
measurement beam to the measurement /object and receive the m 
]^ separated portions, the measureme;;?^ beam and each of the in 

□ separated portions cj^rvtlsurlsj^n^^ element; 

J«l 15 a control circuit wMch during operation causes the 

1^" positioning system tea reorient the beam-steering element in 

]" response to a change in an;gular orientation of the 

;3 measurement object; and 

iZ an angle measurement system which during operation 

20 calculates the change /in angular orientation of the 

(□ / 

n'i measurement object based on at least one of interf erometric 

signals derived from the m-1 overlapping pairs of exit beams 
and the reorient'ation of the beam-steering element. 

25 14. The interf erometry system of claim 13, wherein m 

/ 

is one of 2/ and 3 . 

15./ The interf erometry system of claim 13, wherein 
during operation the angle measurement system calculates the 
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change in angular orientation of the measurement cbjea^t 
along two dimensions . / 

16. The interferometry system of claim 13,yvherein 
during operation the control circuit generates A servo 
signal based on the interf erometric signals d/srived from the 
m-1 overlapping pairs of exit beams and caua4s the 
positioning system to reorient the beam-steering element in 
response to the change in angular orientation of the 
measurement object based on the servo an.gnal. 

17. The system of claim 13, wherein the control 
circuit comprises a detector having spatially resolved 
detector elements opgj^tM.ve to-^'^asure the position and/or 
direction of at least a Jportian of the m-I overlapping pairs 
of exir beams, andVwhe^in daring operation the control 
signal generates a se^o signal based on the measured 
position . and/or direction?^ and causes the positioning system 
to reorient the beam-steering element in response to the 
change in angular orientation of the measurement object 
based on the servo sagnal . 

18. The sysJxem of claim 13, wherein during operation 
the control circuit causes the measurement beam to contact 
the measureme/t object at substantially normal incidence 
over a range/^ of angular orientations of the measurement 
object. / 



19., 



An interferometry 



system comprising: 
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an interferometer which during operation directs twoT 
measurement beams along corresponding measurement paths/ 
contacting a measurement object and combines the measufrement 
beam to form an overlapping pair of exit beams , the / 
interferometer comprising a beam-steering as3emblw4iaving a 
beam-steering element and a positioning system to/ orient the 
beam-steering element, the beam-steering elemerit positioned 
to direct the two measurement beams to the measurement 
object, the two measurement beams contacting the beam- 
steering element; / 

a control- circuit which during operation causes the' 
positioning system to reorient the beam-steering element in 
response to a change in aagular ori'enjtation of the 
measurement object; and---s\ / 

an angle measurement i^^s^m which during operation 
calculates the change in Angular orientation of the 
measurement object baVgpr on^ at least one of an 

interferometric signal delved from the overlapping pair of 

/ 

exit beams and the reorientation of the beam-steering 
element . 




20. The inte^rf erometry system of claim 19, wherein 
during operation/the control circuit generates a servo 
signal based oj( the interferometric signal derived from the 
overlapping pair of exit beams and causes the positioning 
system to rTOrient the beam-steering element in response to 
the change/in angular orientation of the measurement object 
based on ythe servo signal. 
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21. The system of claim 19, wherein the control 
circuit comprises a detector having spatially resolvedi 
detector elements operative to measure the position aftd/or 
direction of at least a portion of the overlapping >pair of 
exit beams, and wherein during operation the control signal 
generates a servo signal based on the measured i5osition 
and/or direction and causes the positioning system to 
reorient the beam-steering element in respojpise to the change 
in angular orientation of the measurement^object based on 
the servo signal. 




22. The system of claim yl9, wherein during operation 
the control circui t. | :auses tjie measurement beam to contact 
the measurement jSbjefX^t Substantially normal incidence 
over a range of/angu|.ar orien/'ations of the measurement 
object . 

23- The system o^claim 19, wherein the interferometer 

directs the two measurement beams to contact the measurement 

/ 

object at substantirally the same location. 




24. An in;terf erometry system comprising: 
an inter^f erometer which during operation receives an 
input beam/y^plits the input beam into a measurement beam 
25 and in reference beams, where m is an integer greater than 1, 
directs /the measurement beam along a measurement path 
contacting a measurement object, and combines each of m 
portij6ns of the measurement beam with a corresponding one of 
the /m reference beams to form m overlapping pairs of exit 
30 beams. 
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a beam-steering assembly having a beam-steering eleircnt 
and a positioning system to orient the beam-steering 
element^ the beam-steering element positioned to dire/t the 
input beam and the m overlapping pairs of exit beam^C the 
input beam and the m overlapping pairs of exit bee 
contacting the beam-steering element; 

a control circuit which during operation pauses the 
positioning system to reorient the beam-steering element in 
response to a change in angular orientatiop/ of the 
measurement object; and 

- an angle measurement" system whichydurlng operation 
calculates the change in angular oriejsrcation of the 
measurement object bas^L^^rAat lea^c one of interf erometric 
signals derived from tne m'^^ ^erj ^vina pairs of exit beams 
and the reorientation tl/e bearo-steering element. 



25. The interf erometry^ system of claim -24, wherein 
during operation the angle/measurement system further 
calculates changes in di;;^ance to the measurement object 
20 based on at least one ^f the interf erometric signals derived 
from the m overlapping pairs of exit beams. 



25 



26. The in^rf erometry system of claim 24, wherein 
during operation the control circuit generates a servo 
signal based /pn the interf erometric signals derived from the 
overlapping^airs of exit beams and causes the positioning 
system to reorient the beam-steering element in response to 
the chang^ in angular orientation of the measurement object 
based on/the servo signal. 
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27. The system of claim 24, wherein the control 
circuit comprises a detector having spatially resold 
detector elements operative to measure the positiocf and/or 
direction of at least a portion of the overlapping^ pairs of 
exit beams, and wherein during operation the control signal 
generates a servo signal based on the measured position 
and/or direction and causes the positioning/system to 
reorient the beam-steering element in re«>onse to the change 
in angular orientation of the measuremejax object based on 
the servo signal. 



28. The system of claim 
the control circuit 
the measurement ob 
over a range of an 
object • 




\ ywherein during operation 
easurement beam to contact 
^Cantially normal incidence 
orieritations of the measurement 




30 



29. An interf erometry system comprising: 
an interferometer which during operation, receives an 
input beam, splits >^he input beam into two measurement 

beams, directs the/ measurement beams along respective 

/ 

measurement paths contacting the measurement object, and 
combines the measurement beams to form an overlapping pair 

of exit beams/ 

/ 

a beam^steering assembly having a beam-steering element 
and a positioning system to orient the beam-steering 
element, Ahe beam-steering element positioned to direct the 
input Mam and the overlapping pair of exit beams, the input 
beam sJid the overlapping pair of exit beams contacting the 
beam-steering element; 
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a control circuit which during operation causes th€ 
positioning system to reorient the beam-steering element in 
"response to a change in angular orientation or tne 
measurement object; and 

an angle measurement system which during operation 
calculates the change in angular orientation oW the 
measurement object based on at least one of an 
interferometric signal derived from the overlapping pair of 
exit beams and the reorientation of the Jj/eam-steering 
element . 

30. The interf erometry si^tem of claim 29, wherein 
during operation the control ^o^cuit generates a servo 
signal based on the ^r^a^f^^^^e trie signal derived from the 
overlapping pair of/exM beams and causes the positioning 
system to reorient the/beam-steering element in response to 
the change in angular orientation of the measurement object 
based on the servo signal. 

31. The systim of claim 29, wherein the control 
circuit comprises^a detector having spatially resolved 
detector elemen€s operative to measure the position and/or 
direction of /at least a portion of the overlapping pair of 
exit beamsr/and wherein during operation the control signal 
generates>(^ servo signal based on the measured position 
and/or direction and causes the positioning system to 
reorient the beam-steering element in response to the change 
in anmilar orientation of the measurement object based on 
the /servo signal. 
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32- The system of claim 29, wherein during 
the control circuit causes the measurement beam to 
the measurement object at substantially normal inc 
over a range of angular orientations of the measurement 
object . 



33. An interf erometry system comprisii 
an interferometer which during operaJsaon directs a 
measurement beam along a measurement pajm contacting a 
10 measurement object, separates the /Measurement beam into 
-first- and -second portions-, dire^s^he - first and second" ' 
portions along separate paths Vand subsequently recombines 




?orti< 



with each other to form at 



)ing 



lir of/exit beams, the interferometer 



the first and secc 
least one overlai 

comprising a beaii!|i-ste|ring /assembly having a beam-steering 
element and a pos^Cl^ning/system to orient the beam-steering 
element, the beam-steer>±ng element positioned to. direct the 
measurement ..beam to ^he measurement object and subsequently 
receive the measurement beam from the measurement object. 



20 the measurement beam thereby twice contacting the beam- 



Steering element-^ after which the interferometer separates 
the measuremenC beam into the first and second portions; 

a contrpl circuit which during operation causes the 
positioniirg system to reorient the beam-steering element in 
25 responseyxo a change in angular orientation of the 

measurement object based on at least one interf erometric 
signaj/ derived from the at least one overlapping pair of 
exit/beams; and 

an angle measurement system which during operation 
30 ca'iculates the change in angular orientation of the 



146 



wo 00/66969 



PCT/USOO/12097 



measurement object based on the reorientation of the b€ 
steering element. 

34. The interferometry system of claim 33, yfierein the 
interferometer recombines the first and second portions into 
two overlapping pairs of exit beams, and the a± least one 
interf erometric signal is at least two interferometric 
signals derived from the two overlapping padrs of exit 
beams . 




10 

35. The interferometry system <^ claim 34 , wherein the 

\^ control circuit comprises two ddcect;2Lon channels which 

!s! during operation measure the ^^le^t two interf erometric 

lip signals, one of the de teA hior^ch^nnels comprising a quarter 

IS 15 wave plate oriented td cabse th)?e two interf erometric signals 

Hj to be in quadrature wil^h jbne^nother. 

' 

13 36. The interferometry system of claim 33, wherein 

ll during operation the interferometer further separates the 

f 20 measurement beam into t^ird and fourth portions after the 
lip measurement beam twipe contacts the beam-steering element, 

directs the third ^nd fourth portions along separate paths, 
and recombines the third and fourth portions to form a 
second at least/one pair of overlapping exit beams, and 
25 wherein during operation the control circuit causes the 
positionin^system to reorient the beam-steering element 
along two ^dimensions based on the at least one 



interf erOTietric signal and a second at least one 
interf erometric signal derived from the second at least pair 
30 of overlapping exit beams . 



147 



wo 00/66969 




PCT/USOOA12097 



37 



The interf erometry system of claim 33, whereij 



during operation the angle measurement system calculates the 
change in angular orientation of the measurement 
along two dimensions • 
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38. The interf erometry system of claim 3^, wherein the 
during operation the interferometer f urther^eparates the 
measurement beam into an additional porti^ after the 
measurement beam twice contacts the/beam^steering element 
and combines the- additional -porti^on -wjiCh a ref erence beam to 
form an additional pair of ovepoappimg exit beams, and 



wherein the interfe 
distance measureme 
changes in distanc 
interf erometric sig 
overlapping exit beams 




tem^^urther comprises a 
whi^'h during operation measures 
"surement object based on an 
from the additional pair of 



39. * The interf erometry system of claim 1, wherein the 
interferometer further comprises a plurality of reflective 
surfaces oriented^to direct the measurement beam, the 
portions of the ineasurement beam, a progenitor beam for the 
reference beams, and the reference beams, and for initial 
linear polarisations and propagation directions for the 
25 measurement^eam and the progenitor beam, the plurality of 
reflectivje surf aces is oriented to preserve a linear 
polarizaxion for the measurement beam, the portions of the 
measur-^ement beam, a progenitor beam for the reference beams, 
and t^he reference beams upon their successive reflections. 

30 
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40. The interferometry system of claim 13, whereiny^e 
interferometer further comprises a plurality of reflectt^e 
surfaces oriented to direct the measurement beam and y^e 
portions of the measurement beam, and for an initiad linear 
polarization and propagation direction for the measurement 
beam, the plurality of reflective surfaces is oa^ented to 
preserve a linear polarization for the measurement beam and 
the portions of the measurement beam upon th€ir successive 
reflections • 



- - - 41-. - -The -inter -ferome try- 
interferometer further cqmpri: 
surfaces oriented to. 
an initial linear pot 
a progenitor beam fo3 
of reflective surfaced 




otjcrLa. im "19 , whe r e i n" t he " 
^ irality of reflective 
urement beams, and for 
propagation direction for 
4ment beams, the plurality 
to preserve a linear 



polarization for the measur«ftent beams upon their successive 
reflections • 

42. The interferometry system of claim 24, wherein the 
interferometer furtha/^ comprises a plurality of reflective 
surfaces oriented tcf direct the measurement beam and the 
reference beams, a^d for an initial linear polarization and 
propagation direction for the input beam, the plurality of 
reflective sur^ces is oriented to preserve a linear 
polarization^or the measurement beam and the reference 
beams upon ^heir successive reflections. 



43y^ The interferometry system of claim 29, wherein the 
interferometer further comprises a plurality of reflective 
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surfaces oriented to direct the measurement beams, and yfor 
an initial linear polarization and propagation direction for 



t he ~ input B"eain7 the plurality" of reflective ""suf fa is" 
oriented to preserve a linear polarization for th/ 
measurement beams upon their successive reflectix^ns 




44. The interf erometry system of claini 33, wherein the 
interferometer further comprises a plurali/ty of reflective 
surfaces oriented to direct the measureipfent beam and the 
portions of the measurement beam, and yf or an initial linear 
polarization-and -propagation dijrection- f or the measurement 
beam, the plurality ojE reflective /surfaces is oriented to 
preserve a linear poiar^atiogf f/6r the measurement beam and 
the portions of the ^easi^'^^efrtir)^ beam upon their successive 
reflections . 

45. An interf erometfry method comprising; 
directing a measurement beam along a measurement path 

contacting a measurement object; 

combining at Least a portion of the measurement beam 
with another beam/to form an overlapping pair of exit beams; 

using an e^^ctronic control system to redirect the 
measurement be^m in response to a change in the angular 
orientation yof the measurement object based on a servo 
signal dQr/ved from at least a portion of the overlapping 
pair of beams; and 

calculating the change in angular orientation based on 
at ^^fSt one of an interf erometric signal derived from the 
overlapping pair of exit beams and the redirection of the 
me^urement object. 



150 



wo 00/66969 




PCTAJS00/12a97 



46* The inter ferometry method of claim 4 5 wherein 
usTng 'the "eTectrbnic coritrbT" systefrT'c^^ 

the measurement beam to contact the measurementyobject at 
substantially normal incidence over a range oy angular . 
orientations of the measurement object. 



47. A lithography system for fabricating integrated 
circuits comprising : 

first and second components, t^ first and second 
components being movable -relattiveyto -one -another ; - and - - 

the interf erometry sysltem o?f claim 1 secured to the 
second component^f-^^^j^rein >che /zneasurement object is a mirror 
rigidly secured ito ta^^first^component and during operation 
the interf erometW s^teny^asures the position of the first 
component relativ\ to th^ second component, 



48. The lithography system of claim 47, wherein the 
second component a movable stage which during operation 
supports a wafer. 



49. The/iithography system of claim 47, wherein during 
operation thfe beam-steering element causes the measurement 
beam to contact the mirror at substantially normal incidence 
over a ^fnge of angular orientations of the measurement 
object 



^50. A lithography method comprising: 
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positioning a first component of a lithography sysxem 
relative to a second component of a lithography syslyrai to 
expose a wafer to spatially patterned radiation; ami 

measuring the position of the first compon^t relative 
to the second component using the method of c^Lm 45 wherein 



the first component includes the measurement object 



51. A beam writing system for us^e in fabricating a 
lithography mask, the system comprising: 

a source providing a write beam to pattern a substrate; 
a' stage* supporting the substrate; - — - 

yf for delivering the write beam 

positioning the stage and beam 
one another; and 

of claim 1 for measuring the 



a beam directing 
to the substrate; 

a positionin 
directing assembly) 

the inteferom 




position of the stage/ relative to the beam directing 
assembly. 




52- A beam/ writing method for use in fabricating a 
lithography mas"^, the method comprising: 

directing a write beam to a substrate to pattern the 
susbtrate; 

posit'loning the substrate relative to the write beam; 
and / 

measuring the position of the substrate relative to the 
write ibeam using the interf erometry method of claim 45. 



53. A method for correcting an angle 9/ indicative of 
a /relative angular orientation of a measurement object for 



152 



wo 00/66969 




PCT/USOO/12097 



the effects of dispersion caused by gas along a measuremejft 
path contac ting t he measurement object^ wherein the ang^ 8/ 
is measured interf erometrically at a wavelength , tne 
method comprising: 

interf erometrically measuring the angular oraentation 
at a first wavelength to give a first angleyB^ indicative 
of the angular orientation; X 

interf erometrically measuring the anguaar orientation 
at a second wavelength X^ not equal to th4 first wavelength 
Xg to give a second angle 9„ indicative'^o_f the .angular, 
orientation; 



correcting the 
Ae/=-r(e^-e„), where 
dispersive power of 
indices of refraction o 
^„ , respectively. 




an additive factor 



q^n^ is the reciprocal 
f ^qr and are the 
s at wavelengths X/ , X^ 



and 



54. The method oc claim 53, wherein the angle 0/ is 
the first measured ^gle 9^ and X(-Xq . 



55. The mewiod of claim 53, wherein the angle 0/ is 
the second measured angle 0,, and ^/ = X„ . 



56- Th^' method of claim 53, wherein the angle 0/ is 
different ^om either the first measured angle 0^ or the 
second me/sured angle 0„ , Xi^Xq, and Xi^X^. 



153 



wo 00/66969 



PCT/US00/12D97 



10 



}=±r 



ly 
O 



'y 20 

I' 



57. An interf erometry system comprising: 
an interferometer which during operation (greets a 
reference beam along a reference path and a jpif^asurement beam 
along a measurement path contacting a meaarfrement object and 
combines the reference and measurement bCams .to produce 
overlapping exit reference and measur^ent beams, the 
overlapping exit reference and meas^urement beams indicative 
of changes in a relative optica^path length between the 



>u 



reference and meas 
comprising a beam 
element and a pos 
element," the beam 
positioned to direct 
the measurement ob 



lent patl 



tee 



the interferometer 
sembly having a beam steering 
tio^ing/^system to orient the beam steering 
hg element having at least two faces 
he measurement beam after it contacts 
ct, the measurement beam contacting the 



measurement object and subsequently contacting each of the 
two faces duriro propagation within the interferometer; and 

a conti^ca circuit which during operation causes the 
positioning system to reorient the beam steering element in 
response^© changes in at least one of angular orientation 
and posation of the measurement object. 
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